The function of the olivo-cerebellar tract is not restricted to the supervision of plasticity in the cerebellar cortex. There is growing evidence that the climbing fibers also tune motor commands. A novel study unravels a role of corticotropin-releasing factor (CRF) in motor coordination and gait control.
Neuropeptides are polypeptides synthesized in the cell bodies of neurons and transported to the axon terminals [1] . Their release from the presynaptic terminal requires an influx of calcium which is greater as compared to the release of amino acid neurotransmitters. This is achieved thanks to a prolonged train of action potentials. Neuropeptides act not only on local but also on remote receptors. Whereas conventional amino acid neurotransmitters have a fast effect, neuropeptides exert a slower and more diffuse effect via G proteincoupled receptors. More than 20 neuropeptides have been identified in the cerebellum [1, 2] . They modulate neuronal activity both in the cerebellar cortex and in cerebellar nuclei, which represent the sole output of the cerebellar circuitry. The identification of the precise role played by each neuropeptide in the cerebellum represents an important challenge in neuroscience given the numerous and complex functions of the 'small brain' in motor, cognitive and affective operations [3] . In this issue of Current Biology, Wang et al. [4] provide evidence that corticotropin-releasing factor (CRF), a neuropeptide mediator of stress, is directly involved in motor control by acting on cerebellar nuclei.
The CRF family of peptides includes CRF, Urocortin (UCN), Urocortin II (UCN II) and Urocortin III (UCN III). Regarding the cerebellum, only CRF and UCN have been identified. CRF is a 41 amino acid peptide which is found in all mammals [2] , both in climbing and mossy fiber systems, which represent two main sets of afferents (Figure 1 ). The climbing fibers originate only from the inferior olivary complex (IOC). The mossy fibers containing CRF project to the cerebellum from the reticular formation in the brainstem (paramedian reticular nucleus, nucleus reticularis gigantocellularis) and from the vestibular complex [5] . In addition, a plexus of CRF-positive varicosities localized around the soma of neurons is also found at the cortical and nuclear level. The site of origin of these neurons might be located in the hypothalamus [1] but this is still a matter of debate.
Two CRF receptors have been identified: CRF-R1 and CRF-R2 [6] . Both stimulate the production of cAMP. The affinity of CRF is higher for CRF-R1. In mouse cerebellum, CRF-R1 is distributed on the somas and primary dendrites of Purkinje cells, on Golgi neurons, on stellate cells, on scattered granule cells, on radial glial cells and on nuclear neurons. The full-length CRF-R2 has a post-synaptic distribution, but its truncated isoform is mainly distributed at the axonal and presynaptic level in Purkinje cells, basket cells, Golgi cells, parallel fibers and nuclear neurons.
It has been known for three decades that CRF stimulates locomotor activity and is a modulator of stress-enhanced behaviors [7] . These locomotor effects were thought to be mediated by the ventral forebrain, which is enriched in CRF. It is interesting to note that the distribution of CRF mRNA transcripts in the hypothalamus and in brainstem has led to the suggestion that CRF neurons with extrahypophysiotropic roles are involved not only in stress-induced endocrine, autonomic and behavioural responses, but also in the regulation of complex cognitive and motor tasks [8] .
There is now evidence that such tasks typically activate the cerebro-cerebellar loops.
At the cerebellar level, CRF is involved in motor learning. Indeed, its release is required to induce long-term depression (LTD) at the parallel fiber-Purkinje cell synapse [9] . LTD is one of the major mechanisms underlying motor learning [10] . In addition, CRF increases the firing rates of Purkinje neurons in a dosedependent manner not only by blocking the inhibition induced by GABA [2, 11] , but also by increasing the excitatory effects of aspartate and glutamate. CRF reduces the amplitude of the after-hyperpolarization occurring after a current-induced spike train [11] . CRF is predominantly expressed and released when the cerebellar afferent pathways are stimulated at high rates.
The regulation of cerebellar nuclear neuronal firing is essential for cerebellar function [12] . Although it was originally thought that the function of the olivocerebellar tract was restricted to the plasticity of the parallel fiber-Purkinje cell synapse in the cerebellar cortex by triggering complex spikes, there is growing evidence that the climbing fibers are also directly involved in the shaping of ongoing motor commands [13] . The prevailing dual hypothesis that, firstly, mossy fibers are the sole generator of motor commands by triggering simple spikes in the Purkinje cells and, secondly, that the climbing fibers gate synaptic plasticity in Purkinje cells of a narrow longitudinal stripe is not supported by recent studies. Historically, experiments have focused on only one or the other of these roles, mainly on the basis of the theory of Marr [14] and Albus [15] and the fact that the olivo-cerebellar pathway discharges at a low frequency in the range of 1-3 Hz. Motor learning and motor control have often been considered as mutually exclusive in the past [13] . Considering the neuroanatomy, the system of climbing fibers is very well placed to contribute to both functions simultaneously. Indeed, the IOC receives numerous direct projections from the spinal cord, the brainstem and cerebral hemispheres, and projects to both Stimulation of parallel fibers releases glutamate and generates a simple spike discharge in the Purkinje cell. These conventional action potentials occur at high frequencies in the range of 50 spikes/ second. Each Purkinje cell receives inputs from about 200,000 parallel fiber synapses. Stimulation of glutamatergic climbing fibers originating from the inferior olivary complex results in a massive depolarization of dendrites generating a complex spike in the soma, followed by a hyperpolarization. The Purkinje cells project upon nuclear neurons in the deep cerebellar nuclei where they trigger a release of GABA. Nuclear neurons receive collaterals from mossy and climbing fibers. The GABAergic nucleo-olivary tract provides feedback information from the deep cerebellar nuclei, closing the loop between the inferior olivary complex, the cerebellar cortex, and the deep cerebellar nuclei. The nucleo-olivary tract suppresses both synaptic transmission and background activity in the inferior olivary complex. Neurons of the deep cerebellar nuclei integrate sensorimotor information; they are the final output of the cerebellar circuitry. The cerebellum is also richly innervated by a monoaminergic system, also called the third afferent system, which projects on Purkinje cells, the parallel fibers and the interneurons of the cerebellar cortex. Monoaminergic axons originate from precerebellar nuclei and project also on the deep cerebellar nuclei.
R848 Current Biology 27, R833-R852, September 11, 2017 Current Biology Dispatches cerebellar cortex and nuclei. The latter inhibit the IOC via the GABAergic nucleoolivary projections (direct feedback loop). Lesions of the olivo-cerebellar system cause deficits in motor coordination which are reminiscent of cerebellar lesions [16] . Furthermore, there is a correlation of synchronous complex spike activity with movement itself and complex spike activity impacts directly on cerebellar nuclear activity [12] . However, motor error-related information, which was supposed to be handled exclusively by the olivocerebellar system, is also present in the simple spike activity conveyed to the cerebellar cortex by the mossy fiber system [17] . Also, motor learning per se often requires stressful efforts to minimize errors.
Such observations immediately raise the question of how the olivo-cerebellar tracts may tune the activity of cerebellar nuclei and contribute to motor control. Wang et al. [4] address the question of the role of CRF in the olivo-cerebellar pathway and in motor control in rats. CRF is known to be present at high concentrations in the IOC [8] . The authors report that the RNAi-mediated downregulation of CRF in the IOC induces motor ataxia. Gait is characterized by short stride length and larger stride width, and the time spent on the rotarod (the animal is placed on a horizontal rotating rod and must walk forward to remain upright and avoid falls) is decreased whereas the time for the balance beam procedure (the animal has to walk across an elevated narrow beam) is increased. These behavioral tests are used to assess motor coordination. Interestingly, administration of CRF rescues motor deficits, with a remarkable effect on stride length, on the rota-rod performances and on the balance beam scores. It is shown that CFR-R1 and CRF-R2 are co-localized in the same nuclear neurons and that CRF excites selectively the projecting glutamatergic neurons of the spinocerebellum with an increase in the firing rates. Elegantly, the authors show that microinjection of CRF in cerebellar nuclei reverts the motor deficits induced by the neurotoxin 3-aminopyridine (3-AP), which targets the olivocerebellar tract [18] . Although several previous reports have demonstrated that CRF modulates neuronal activity in the cerebellum, this is the first set of experiments showing unambiguously that a selective administration of CRF in the interpositus nucleus improves locomotion in rodents.
For more than two centuries, it was considered that the role of the cerebellum was restricted to motor control. It is now established that the cerebellum is deeply implicated in numerous perceptual processes [3] , and is also involved in cognitive and affective operations [19] . Human cerebellar disorders, also called cerebellar ataxias, represent a heterogeneous group of diseases affecting oculomotor control, speech, posture and gait and which are therefore often disabling. Patients may also exhibit impairments in executive functions, visual-spatial processing, linguistic function, and affective regulation, a constellation of deficits suggestive of Schmahmann's syndrome [19] . Unlike for basal ganglia disorders, we currently lack an effective therapy for most cerebellar ataxias. The effects of motor rehabilitation remain limited, although intensive motor training is beneficial in some conditions. Novel non-invasive techniques such as transcranial direct current stimulation (tDCS) of the cerebellum are emerging [20] , taking advantage of the accessibility of the posterior lobe of the cerebellum and the electrical properties of the cerebellar cortex. However, large randomized controlled trials are missing and it remains unclear whether long-term administration is safe.
More than a half century after their discovery, our knowledge of how neuropeptides affect cerebellar circuitry is still very limited. Understanding the functions of neuropeptides and their interactions with other neurotransmitters in the cerebellum might be a major step to the success of future therapies to reestablish motor control. The idea of restoring cerebellar functions on the basis of a clear understanding of the roles of neuropeptides is audacious and will require numerous experiments given the complexity of the cerebellar microcomplexes and their high connectivity within the central nervous system, but the recent studies indicate that this is a worthy challenge. The approach taken by Wang et al. [4] is a step in that direction. It can be speculated that the decoding of the functions of each neuropeptide of the circuitry will lead to discoveries of novel therapies in cerebellar ataxias.
Organ sculpting requires directed physical force generation. Force imbalances are primarily thought to arise from within cells. A new study, however, demonstrates that an extracellular-matrix-based stiffness gradient in the Drosophila egg chamber instructs tissue elongation.
The form of an organ, such as the convoluted tubules of kidneys, the branching buds of lungs, and the iconic shape of the heart, is important in carrying out its specialized function. Organs are sculpted during their formation through the action of asymmetrical physical forces. Intracellular mechanical imbalances or anisotropies that drive shape change are well characterized. For example, both planar cell polarized cortical myosin contractility and actinbased protrusions direct cellular movements and rearrangements that facilitate tissue elongation [1] [2] [3] . Comparatively little, however, is known about extracellular mediators of tissue shaping. Basement membrane (BM) is a thin, dense, sheet-like extracellular matrix that surrounds most organs and regulates many cellular and tissue functions, including mechanical support, polarization, differentiation, and proliferation [4] . BM composition and localization also appear to regulate tissue shaping. For example, alterations in the levels of type IV collagen, a major structural component of BM, are thought to constrict the shape of Drosophila wing imaginal discs and the Caenorhabditis elegans gonad [5] [6] [7] . A collagen-rich BM accumulates along the bud ducts of mammalian mammary and salivary glands, where it might narrow these structures during their formation [8] [9] [10] . Direct measurements of BM mechanical properties, however, have been a technical hurdle in definitively implicating biophysical features of BM in organ sculpting. In a new study published in eLife, Bilder and colleagues [11] directly measure and perturb the mechanical properties of BM surrounding elongating Drosophila egg chambers and elegantly demonstrate that a BM force gradient mediates changes in organ shape.
The Drosophila egg chamber is a simple tube-like organ made up of an inner germ cell cluster surrounded by a somatic epithelium of follicle cells that is encased in a planar, sheet-like BM ( Figure 1A) . The egg chamber develops in 14 stages to form a mature egg. It is initially spherical and expands isotropically for the first 4 stages. At stage 5, it elongates along the anteriorposterior (A-P) axis to form an ellipsoidal shape ( Figure 1A) . During rapid elongation (stages 5-9), the follicle cells collectively migrate, causing the egg chamber to rotate within the BM. As the chamber rotates, the follicular epithelium deposits BM fibrils into the planar BM that orient perpendicular to the A-P axis ( Figure 1A ). These fibrils have been proposed to act as a molecular corset that resists expansion along the dorso-ventral (D-V) axis, thus directing egg chamber elongation along the A-P axis [12] . However, prior to the study of Bilder and colleagues, the mechanical properties of the egg chamber BM had not been directly examined to determine whether the fibrils alter BM stiffening and whether other mechanical changes occur to the BM during egg chamber lengthening.
To directly study the stiffness of the egg chamber, the authors used an atomic force microscope (AFM) probe as a picoindenter and calculated the Young's modulus from its deflection. The external location of the BM, the lack of interstitial matrix, and the ability to culture egg chambers in vitro allowed unobstructed access to the BM. Fortuitously, the underlying epithelium does not appear to contribute to egg chamber stiffness; thus,
